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ABSTRACT
We present the results of low-resolution optical spectroscopy with OSIRIS/GTC (Optical Sys-
tem for Imaging and Low Resolution Integrated Spectroscopy / Gran Telescopio Canarias) for
a sample of ultracool dwarfs. For a subsample of seven objects, based on 2MASS NIR photo-
metric colours, a ’photometric’ spectral type is determined and compared to the results of the
optical spectroscopy. For the stars, showing Hα line in emission, equivalent widths were mea-
sured, and the ratio of Hα to bolometric luminosity were calculated. We find that two dwarfs
show the presence of magnetic activity over long periods, LP 326-21 – quasi-constant-like,
and 2MASS J17071830+6439331 – variable.
Key words: stars: activity – brown dwarfs – stars: chromospheres – stars: low-mass.
1 INTRODUCTION
Late-type dwarfs are the most populous objects in the Galaxy,
comprising roughly 70 per cent of all stars in the Solar neigh-
bourhood and contributing around half of the Galactic stellar mass
(Henry et al. 1997). Despite their low mass and effective tempera-
ture, some of these dwarfs reveal strong magnetic activity, orders
of magnitude stronger than the Sun’s. In the past few decades us-
ing surveys like 2 Micron Sky Survey (2MASS) and Sloan Digital
Sky Survey (SDSS) a large number of such objects were discov-
ered. To date, the determination of their physical properties is of
great significance for the characterization of the population of low
mass stars in the Galaxy and especially in the Solar neighbourhood.
The most common characteristic of magnetic activity in cool dwarf
stars is seen in chromospheric lines such as Ca ii H and K and Hα
or as coronal X-ray emission. Among the M dwarfs there is a well-
known empirical distinction between the two classes (dM and dMe)
based on the optical criterion: dMe stars have Hα in emission, while
dM do not.
Cram & Mullan (1979) showed that the source of emission
arises from a chromosphere of increasing density. This higher den-
⋆ Based on observations made with the Gran Telescopio Canarias (GTC),
instaled in the Spanish Observatorio del Roque de los Muchachos of the
Instituto de Astrofı´sica de Canarias, in the island of La Palma
† e-mail: ytm@arm.ac.uk
sity causes the Hα line to pass from radiative (Hα in absorption)
to electron collisional dominated (Hα in emission). Furthermore,
Cram & Giampapa (1987) noted that Hα in absorption in late-
type dwarfs also requires the presence of a non-radiatively heated
chromosphere since the photospheric radiation field is not strong
enough to populate the n = 2 and higher levels of the hydrogen
atom. Work by Byrne (1993) draw attention to those M dwarfs with
no detectable Hα emission. Such stars, instead of being inactive,
may have the Hα absorption line filled-in.
For the dwarfs showing Hα in emission, the activity levels are
seen to increase towards later types due to longer spin-down time-
scales, reaching a peak at spectral type ∼ M7 (West et al. 2004).
Beyond spectral type M7, there is a drop-off in Hα and X-ray ac-
tivity, with a rapid decline seen for L and T dwarfs (Gizis et al.
2000; Mohanty & Basri 2003; Fleming, Giampapa & Garza 2003;
Schmidt et al. 2007). This suggests a decrease in the generation and
dissipation of magnetic fields for late-M and L dwarfs. One reason
could be the increasing atmospheric neutrality in ultracool dwarfs
that decouples the field from atmospheric motions, and thus ham-
per their dissipation even if strong fields are generated. This decou-
pling can cause suppression of chromospheric and coronal heat-
ing, resulting in a decrease in emission in the Hα line and X-rays,
despite the presence of magnetic fields (Mohanty et al. 2002). In-
deed, magnetic field strengths of kG have been measured for some
late-M and L dwarfs indicating that the drop in Hα emission seen
for ultracool dwarfs (dwarfs with spectral type >M7) must be due
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Table 1. Spectral type–infrared colours relation for late-type M dwarfs, as
given by the polynomial fit based on photometry–spectral type calibration
using 367 known dwarfs in the spectral type range M6–L0, taken from the
DwarfArchives.org.
SpT J − H H − K J − K
M6.5 0.625 0.378 1.003
M7.0 0.649 0.399 1.048
M7.5 0.659 0.416 1.075
M8.0 0.676 0.440 1.116
M8.5 0.696 0.457 1.153
M9.0 0.719 0.475 1.194
M9.5 0.742 0.493 1.235
L0.0 0.765 0.512 1.277
to atmospheric neutrality rather than a fall in magnetic flux pro-
duction (Reiners & Basri 2007; Hallinan et al. 2008). This is sup-
ported also by the fact that both flaring and quiescent Hα emis-
sion is still detectable from a number of dwarfs of spectral types
L and T albeit with luminosities much lower than those of ear-
lier M type dwarfs (Reiners & Basri 2010; Burgasser et al. 2003;
Liebert, Bergeron & Holberg 2003).
On the other hand, despite the observed sharp drop in Hα
and X-ray luminosities, the radio luminosities remain unchanged
in the ultracool dwarf regime. What is more, some of the ra-
dio detected dwarfs exhibit rotational modulation of the signal
and/or highly circularly polarized pulses indicative of a coherent
mechanism – the electron cyclotron maser (ECM) (Antonova et al.
2008; Hallinan et al. 2008; Berger et al. 2009; Doyle et al. 2010;
McLean et al. 2011; Williams, Cook & Berger 2013) . For two
of these dwarfs, rotational modulation was also found in Hα
(Berger et al. 2008, 2009), suggesting a common source, most
likely an active spot on the surface (Yu et al. 2011; Kuznetsov et al.
2012). Another set of ultracool dwarfs exhibit a high degree of
long-term variability, with emission levels dropping below the de-
tection limit in some instances (Antonova et al. 2007; Osten et al.
2009; McLean, Berger & Reiners 2012).
Late-type dwarfs are generally termed as magnetically
active (or inactive) by the equivalent width of the Hα
emission line – EW(Hα) (Walkowicz, Hawley & West 2004;
West, Walkowicz & Hawley 2005); however, note that the earlier
comments concerning a filled-in Hα line. Because the measure-
ments of the EW(Hα) depend on the flux in the respective local
continuum, EW(Hα) cannot be a measure for comparison of the
strength of magnetic activity between stars of different spectral
types. Instead the activity strength is measured by the ratio of the
luminosity in Hα to the bolometric luminosity (LHα/Lbol).
Studies of the magnetic activity impose important limitations
for the inner structure, the relations between generation of the mag-
netic field and rotation, atmospheric models and ages of late-type
dwarfs. Previous work shows that the activity strength, measured
by the ratio LHα/Lbol, is nearly constant (with large scatter) through
the M0–M6 range (Hawley, Gizis & Reid 1996) and declines at
later types (Burgasser et al. 2003; Cruz & Reid 2002). West et al.
(2004, 2008) and Bochanski et al. (2007) use data from SDSS to
determine the properties (again via Hα) of the magnetically active
dwarfs.
Detection of Hα emission can provide further information on
the nature of their activity and the activity among ultracool dwarfs
in general. Obtaining Hα luminosities or upper limits and corre-
lating them with available radio and X-ray luminosities and vsini
measurements will help to better characterize the overall picture
Figure 1. Colour–colour diagram for the late-M dwarf candidates. The thick
black line is the polynomial fit to the data for known dwarfs; red curves
denote the 3σ deviations from the fit; the straight red lines represent the
requirements (H − K) > 0.3, and (J − K) > 1.0. The dashed black lines
show the resultant spectral classes as listed in Table 1. The candidates are:
1 – 2MASS J1746+29, 2 – 2MASS J1746+45, 3 – 2MASS J1857+50, 4
– 2MASS J2001+64, 5 – 2MASS J2151+35, 6 – 2MASS J2259+80, 7 –
2MASS J2333+74.
of activity in the ultracool dwarf regime (beyond the scope of this
paper).
2 TARGET SELECTION
Here we present the results from spectral observations of 17 M, L
and T dwarfs made with the Gran Telescopio Canarias, La Palma,
Spain. These dwarfs are a subset of a much larger sample of UCDs
including objects studied for other activity characteristics (such
as radio and X-ray emission (e.g. Antonova et al. 2013)) and sev-
eral thousand candidates for late-M, L and T dwarfs, based on in-
frared colours (e.g. Dimitrov 2011). The selection of these partic-
ular objects is due to the constrains, imposed by the observation
program. Observations were performed in service mode within the
GTC ‘filler’ programme GTC30-12B and GTC3-13A. The aim of
this filler programme was to obtain, within the GTC nightly opera-
tion schedule, high-quality spectra of variable and/or sources with
no spectral type determination that are relatively bright for a 10 m-
class telescope (with magnitudes of up to V ∼ 19 mag) in poor
weather conditions, such as dust presence, sky brightness, dense
cirrus coverage, or poor seeing (of over 1.4 arcsec).
2.1 Late-M candidates
In this group we have seven objects, candidates for late-M dwarfs.
The J,H and K colours are taken from the 2MASS catalogue, while
I is from the GSC 2.3 catalogue. The 2MASS photometry–spectral
type calibration is based on 367 dwarfs in the spectral type range
c© 2014 RAS, MNRAS 000, 1–7
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Table 2. The full sample of dwarfs, selected for observation, their coordinates, spectral types and distances: 1– Antonova et al. (2013, and references therein);
2– Allen et al. (2007); 3– Faherty et al. (2009); 4– McLean, Berger & Reiners (2012, and references therein); 5– Reid et al. (2008); 6– Sion et al. (2009) .
2MASS designation Other name RA Dec Sp. T. Observation Grism Exposure Distance Ref.
(J2000) (J2000) /lit./ date (s) (pc)
J13540876+0846083 – 13 54 08.77 +08 46 08.4 M7.0 2013-04-18 R1000B 2 x 600s 17 1
J14280419+1356137 LHS 2919 14 28 04.20 +13 56 13.7 M8.0 2013-04-17 R1000B 2 x 400s 10 1, 4
J14441717+3002145 LP 326-21 14 44 17.18 +30 02 14.5 M8.0 2012-12-22 R1000B 3 x 200s 12.7 1, 2, 4
J15164073+3910486 LP 222-65 15 16 40.73 +39 10 48.7 M6.5 2012-09-19 R1000B 1 x 180s – 4
J16063390+4054216 LHS 3154 16 06 33.90 +40 54 21.6 M6.5 2013-01-11 R1000B 2 x 400s – 4
J16241436+0029158 16 24 14.37 +00 29 15.8 T6 2012-09-08 R1000B 2 x 400s 11.0 ± 0.1 1, 3
J16342164+5710082 GJ 630.1B 16 34 21.64 +57 10 08.3 DQ8+dM4 2012-09-17 R1000B 2 x 400s 14.5 4, 6
J16463154+3434554 LHS 3241 16 46 31.55 +34 34 55.5 M6.5 2012-09-13 R1000B 2 x 400s – 4
J17071830+6439331 17 07 18.31 +64 39 33.1 M9.0 2012-09-06 R1000B 2 x 700s 16.4 ± 1.1 1, 5
– – – – – 2013-04-17 R1000B 2 x 700s – 1, 6
J17462953+2903386 – 17 46 29.53 +29 03 38.6 – 2013-04-25 R1000R 2 x 400s – –
J17465934+4502473 – 17 46 59.34 +45 02 47.3 – 2013-04-25 R1000R 2 x 400s – –
J17502484-0016151 – 17 50 24.84 –00 16 15.1 L5.5 2013-02-08 R1000B 2 x 800s 9 ± 1 1, 3
J18573008+5015011 – 18 57 30.08 +50 15 01.1 – 2013-04-25 R1000R 2 x 400s – –
J20015863+6427486 – 20 01 58.63 +64 27 48.6 – 2013-04-26 R1000R 2 x 400s – –
J21512797+3547206 – 21 51 27.97 +35 47 20.6 – 2013-05-31 R1000R 2 x 400s – –
J22594403+8013189 – 22 59 44.03 +80 13 18.9 – 2013-05-31 R1000R 2 x 400s – –
J23333174+7456179 – 23 33 31.74 +74 56 17.9 – 2013-05-31 R1000R 2 x 400s – –
M6–L0, taken from the DwarfArchives.org 1. For all these stars,
there are both spectra and photometry available, from which an em-
pirical relation between photometric colours and spectral type can
be derived. The result of the polynomial fit to the known dwarfs is
shown in Fig. 1, while the NIR indices–spectral type relations are
listed in Table 1.
The selection criteria, based on optical and NIR colour indices
are: (J−K) > 1.0 mag, (I−K) > 3.0 mag, 0.52 6 (J−H) 6 0.9 and
0.30 6 (H − K) 6 0.60. These requirements also avoid contamina-
tion by giants or galaxies. We’ve also constrained J magnitudes to
the range 10 6 J 6 14, since dwarfs with J < 9 are likely to have al-
ready been studied by Le´pine et al. (2013), and dwarfs with J > 14
will be to faint to satisfy the observation programme requirements.
Another criteria that distinguishes giants from dwarfs is the
proper motion, so only objects with proper motions greater than
0.030 ′′ year−1 were considered. Proper motions are determined us-
ing two epochs of observations – from the 2MASS catalogue and
the STScI Digitized Sky Survey (POSSI Red plates). Based on the
above calibration, a photometric spectral type is calculated for each
object. In addition, we selected seven dwarfs which had a spectral
classification but no Hα measurements.
2.2 Looking for activity
We have selected 10 objects out of ∼ 70 dwarfs, observed in the
radio and/or X-ray domains and with spectral classification, but
without Hα measurements (Antonova et al. 2013, and references
therein). The goal is to gain additional information about these ob-
jects and their overall magnetic activity.
3 INSTRUMENTS, OBSERVATIONS AND DATA
REDUCTION
We carried out low-resolution spectroscopy with the Optical
1 http://spider.ipac.caltech.edu/staff/davy/ARCHIVE/index.shtml
System for Imaging and Low Resolution Integrated Spectroscopy
(OSIRIS) tunable imager and spectrograph (Cepa et al. 2003; Cepa
2010) at the 10.4 m Gran Telescopio Canarias (GTC), located at
the Observatorio Roque de los Muchachos in La Palma, Canary
Islands, Spain. The heart of OSIRIS is a mosaic of two 4k× 2k
e2v CCD44–82 detectors that gives an unvignetted field of view of
7.8× 7.8 arcmin2 with a plate scale of 0.127 arcsec pixel−1. How-
ever, to increase the signal-to-noise ratio (S/N) of our observations,
we chose the standard operation mode of the instrument, which is
a 2× 2-binning mode with a readout speed of 100 kHz. All spectra
were obtained with the OSIRIS R1000B (blue) and R1000R (red)
grisms. The blue grism has a wavelength range of 3630 Å - 7500
Å, centred on 5510 Å, with a resolution of 1018 (∼ 2.12 Å pixel−1)
and maximum quantum efficiency of 65%. The red grism has a
wavelength range of 5100 Å - 10000 Å, centred on 7510 Å, with a
resolution of 1122 (∼ 2.62 Å pixel−1) and maximum quantum effi-
ciency of 65 per cent. We used the 1.23 arcsec-width slit, oriented
at the parallactic angle to minimize losses due to atmospheric dis-
persion. The resulting resolution, measured on arc lines, was R ∼
700 in the approximate 3500–8000 Å spectral range. Observations
were performed in service mode within the GTC ‘filler’ programme
GTC55–12A on different nights in the two observational seasons
2012B and 2013A. A detailed observational log is presented in Ta-
ble 2.
Data reduction for all spectra was done using the software
package idl (Interactive Data Language) and its astronomical
libraries (Landsman 1995). The code was written especially for
this work and thus a package for reducing OSIRIS spectra was
constructed. The data reduction followed standard procedures,
e.g. bias, flat-fielding, cosmic ray cleaning, wavelength calibration
and flux calibration made using standard stars with well-known
spectral energy distributions.
c© 2014 RAS, MNRAS 000, 1–7
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4 SPECTRAL CLASSIFICATION AND
CHROMOSPHERIC ACTIVITY
4.1 Spectral classification
All of the objects are spectrally classified (Table 3) us-
ing the software package hammer (http://www.astro.washington.
edu/users/slh/hammer) developed by Covey et al. (2007). This is
an idl based package originally developed for use on late-type
SDSS spectra, but has been modified for a number of other objects
and works for all spectral classes from O5 to L8. Theoretically,
the accuracy with which hammer works is about two subclasses
(Covey et al. 2007), but after automatic and visual classifications
made for this work, it was found that the visual spectral type is
the same as the one from the hammer interactive mode (± one sub-
class). The spectral types for the late-M dwarf candidates, assigned
with hammer, are within 0.5 subclass of the ones, based on photo-
metric colours, with the exception of 2MASS J2MASS J2259+80,
for which the deviation is one subclass (see Fig. 1).
4.2 Chromospheric activity
From the 17 observed dwarfs, 11 show Hα in emission. For those
11, we calculated the EW(Hα) and for the other 6 – an upper limit.
The results are shown in Table 3. For comparison the EW(Hα)
calculated by hammer are also presented. For a large fraction of
the active dwarfs the rest of the Balmer series are detected, as
well as Ca H and K lines, but they have very low S/N. Sample
spectra for four objects is given in Fig. 4.2. For those objects with
no detectable Hα emission, the spectrum around the Ca H and K
region had a very poor S/N, thus we are unable to say whether
these objects are inactive or have filled-in Hα due to low-level
activity.
The flux in Hα, FHα is also calculated. Next, we cal-
culated the LHα/Lbol ratio using the χ method, described in
Walkowicz, Hawley & West (2004). The parameter χ is calculated
based on hundreds of spectra, and used to calculate the LHα/Lbol
without depending on the distance. For comparison, the objects
with known distance r (Table 2), the same ratio is calculated using
the flux in Hα. The results obtained using the two methods are
consistent and are within the error margin. For example the results
for the active dwarf 2MASS J17071830+6439331 are
with the χ method: LHα/Lbol = (1.46 ± 0.15) × 10−4,
with F(Hα) and r: LHα/Lbol = (1.61 ± 0.17) × 10−4.
In Table 3, we systemize the determined spectral types and
LHα/Lbol ratios. Fig. 3 represents sample of objects from the lit-
erature (black) and the results of this work (red). The results ob-
tained in this work correspond well with data from the literature.
The determined upper limits are lower than the corresponding val-
ues for the given subclass. For three of the objects where Hα is
present, but with a weak intensity (2MASS J20015863+6427486,
2MASS J21512797+3547206 and 2MASS J22594403+8013189,
marked with * in Table3), further observations are required.
4.3 Objects of interest
Here we discuss two interesting objects - LP 326-21 (2MASS
J14441717+3002145) and 2MASS J17071830+6439331. For both
dwarfs we found EW(Hα) measurements in the literature from pre-
vious epochs.
• LP 326-21 is an M8.5 dwarf with EW(Hα) = 7.4 Å from
Gizis et al. (2000). Compared with our observation from 2012,
EW(Hα) = 11.9 ± 1.6 Å (Fig. 4.2), is noticeable that the dwarf re-
mains with relatively constant equivalent width (within the error),
i.e. it possibly maintains quasi constant activity over long periods
of time (decades).
• 2MASS J17071830+6439331 is M8.5 dwarf with Hα flares
observed in previous epochs and also in this work. Those flares in-
crease the luminosity in Hα by orders of magnitude and have dura-
tions in order of minutes. The spectral observations in the literature
are from several epochs - in 1999 with measured EW(Hα) = 9.8 Å
(Gizis et al. 2000), and in 2003 with measured EW(Hα) = 28.7 Å
(Schmidt et al. 2007), probably during a flare.
Similar behaviour was seen in this work where data taken in
2012 September had EW(Hα) of 21.6 Å. Observations in 2013
April, showed a raise in the equivalent width up to 30.4 Å in the
first frame, followed by a drop to 13.6 Å in the second frame,
obtained 10 min after the beginning of the first one; this was
probably the end of a flare. Fig. 4 presents the variation around
the Hα line and in the whole spectrum of the dwarf. In addi-
tion, Rockenfeller, Bailer-Jones & Mundt (2006) report photomet-
ric variability with a period of 3.6 h, which they attribute to mod-
ulation of the light curve due to magnetic spot rotation. Since the
period above agrees well with the measurements for vsini, this may
be the period of rotation of the dwarf. During the same observa-
tions the authors also registered a UV burst, which is characteristic
of enhanced magnetic activity.
5 DISCUSSION
The study of magnetic activity is essential for understanding of the
physical properties and characteristics of the objects around and
below the stellar/substellar boundary. To fully understand the pro-
cesses occurring in these objects and the role of activity in the evo-
lution, it is important to conduct a number of observations and stud-
ies of more physical parameters. In this work, original observations
of 17 late-type objects are presented. Seven of those are spectrally
observed for the first time and classified as late-M dwarfs. For 15
of the objects the EW(Hα) and LHα/Lbol (or upper limits), charac-
terizing the activity of the dwarfs, are calculated. These results are
an important addition to the available literature information and al-
low more complete and accurate characterization of the magnetic
activity in cool dwarfs. For two of the observed dwarfs, data from
previous epochs are available, and are now enriched with new ob-
servations. Both of those dwarfs show the presence of magnetic ac-
tivity for long periods – in the first case quasi-constant-like and in
the second – variable. The zero Hα dwarfs could mean either a very
weak/zero chromosphere or that the chromosphere is of moderate
strength with the Hα line filled-in. Mathioudakis & Doyle (1992)
showed that Mg ii H and K is an excellent line to provide this addi-
tional diagnostic, unfortunately such an ultraviolet instrument does
not currently exist.
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Table 3. Spectral types, Hα equivalent widths and LHα/Lbol for the studied objects. The M dwarf candidates, marked with * are only partially detected. ⋆ - this
object is observed in more than one epoch.
2MASS designation Sp.Type EW(Hα) EW err hammer EW lg(LHα/Lbol)
/this work/ Å Å Å
J13540876+0846083 M7.5 7.71 1.41 5.67 -4.13
J14280419+1356137 M7.5 .1.58 - .1.49 .-4.81
J14441717+3002145 M8.5 11.89 1.58 9.50 -4.243
J15164073+3910486 M6.5 10.71 1.05 8.01 -3.97
J16063390+4054216 M6.5 .0.61 - .1.34 .-5.21
J16241436+0029158 ... .5.28 - .5.47 –
J16342164+5710082 ... .0.29 - .0.15 –
J16463154+3434554 M6.5 .1.04 - .1.36 .-4.98
J17071830+6439331⋆ M8.5 30.36 3.13 26.94 -3.84
13.59 2.38 10.33 -4.18
21.62 1.66 20.61 -3.98
J17462953+2903386 M7.5 14.54 4.96 10.79 -3.85
J17465934+4502473 M7.5 30.36 3.13 26.94 -3.53
J17502484-0016151 L5.0 .3.63 - .0.66 –
J18573008+5015011 M7.5 11.40 2.43 8.24 -3.95
J20015863+6427486* M7.5 4.75 2.33 4.27 -4.33
J21512797+3547206* M9.0 2.89 1.76 3.17 -4.95
J22594403+8013189* M8.5 6.69 2.81 3.61 -4.49
J23333174+7456179 M8.0 5.43 1.20 5.16 -4.48
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Figure 2. Top left: spectrum of LP 222-65 where Hα emission line is clearly visible. The rest of the Balmer lines are also present, but weaker. Bottom left: spec-
trum of LHS 2919 with no Hα emission. Top right: the spectrum of LP 326-21 with Hα in emission. Bottom right: spectrum for 2MASS J20015863+6427486
with weak Hα emission.
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Figure 3. log(LHα /Lbol) – spectral type relation. Black symbols represent the data from the literature (Gizis et al. 2000; McLean, Berger & Reiners 2012), red
dots – the measurements from this work and red triangles – the calculated upper limits.
Figure 4. The variation in the whole spectrum of 2MASS J17071830+6439331, and around the Hα emission line (inset).
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research is based on observations made with the GTC, installed in
the Spanish Observatorio del Roque de los Muchachos of the In-
stituto de Astrofı´sica de Canarias, in the island of La Palma. We
use data from the SIMBAD data base, operated at CDS, Stras-
bourg, France, plus data products from the Two Micron All Sky
Survey, which is a joint project of the University of Massachusetts
and the Infrared Processing and Analysis Center/California Insti-
tute of Technology, funded by the National Aeronautics and Space
Administration and the National Science Foundation. The Digi-
tized Sky Surveys were produced at the Space Telescope Science
Institute under US Government grant NAG W-2166. The images
of these surveys are based on photographic data obtained using
the Oschin Schmidt Telescope on Palomar Mountain and the UK
Schmidt Telescope. The plates were processed into the present
compressed digital form with the permission of these institutions.
The National Geographic Society - Palomar Observatory Sky At-
las (POSS-I) was made by the California Institute of Technology
with grants from the National Geographic Society. This research
has benefitted from the M, L, T and Y dwarf compendium housed at
DwarfArchives.org. Research at the Armagh Observatory is grant-
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